Blood pressure cuff dimensions directly affect accuracy of blood pressure measurements. For accurate blood pressure measurements, the width of the cuff must be proportional to arm circumference. A cuff that is too narrow results in falsely high blood pressure values, and a cuff that is too wide results in falsely low values. Some blood pressure standards permit a single width cuff regardless of arm circumference. The purpose of this study was to evaluate whether 12 cm single width cuffs currently permitted by the British Hypertension Society (BHS) standard are sufficiently accurate to pass the Association for the Advancement of Medical Instrumentation (AAMI), BHS, and European Society of Hypertension (ESH) International Protocol (IP1) Working Group standards for accuracy. Each of 101 subjects was tested sequentially with both a single and a proportional width cuff in random order. Auscultatory blood pressure was determined by 2 observers using a double binaural stethoscope. Accuracy was determined by comparing the resulting differences with the AAMI, BHS, and IP1 standards for accuracy. The single width blood pressure cuff failed the AAMI accuracy standards for both systolic blood pressure on large arms and diastolic blood pressure on small and large arms, and overall. The single width cuffs, also, failed the BHS accuracy standards for diastolic BP. In conclusion, these single width cuffs could result in a significant number of people being misdiagnosed and mistreated for hypertension. Therefore, to avoid 'cuff hypertension' and 'cuff hypotension', the cuff width should be proportional to arm circumference.
INTRODUCTION
Ever since blood pressure was first accepted as an important consideration in medicine, efforts have been made to make an accurate, indirect means of measuring it. Many credit the start of the modern era of blood pressure measurement with Scipione Riva-Rocci when, in 1896, he first used a 5 cm wide inflatable cuff to occlude the brachial artery. 1,2 Five years later, Friedrich von Recklinghausen noted that a 5 cm wide cuff was highly inaccurate, and recommended increasing the width to 10-12 cm. 3, 4 In 1905, Nicolai Sergeivich Korotkoff made his famous contribution to blood pressure study when he described how to determine systolic and diastolic blood pressure by listening to the characteristic sounds that bear his name. 1 This opened the doors to further studies to determine the attributes of the optimal cuff.
As von Recklinghausen demonstrated, the dimensions of the cuff directly affect the blood pressure measurement. 3, 4 Multiple studies have found that the use of a cuff that is too narrow will give erroneously high blood pressure values, and that too wide a cuff will give falsely low blood pressure values. 2, 3, [5] [6] [7] According to Geddes, the most accurate and appropriate cuff width and length is dependent on 'age, weight, height, and upper arm circumference' . 3 Geddes also pointed out that the optimum cuff width for measuring systolic blood pressure is different from that for diastolic BP. 3 As it is clearly impractical to have custom fitted cuffs for every patient, a variety of recommendations have been made in an attempt to balance the need for accurate instrumentation with both convenience and the realities of manufacturing. 2, 7 At the end of the spectrum where accuracy reigns, Geddes states that cuff width should be 40% of the upper arm circumference. 3 At the other end, there are advocates for a single width cuff for all adults. 4 Many of the factors involved with blood pressure measurement including the cuff have been reviewed by O'Brien, et al. 7 Every recommendation falls somewhere on the spectrum of accuracy vs. convenience. The Association for the Advancement of Medical Instrumentation (AAMI) standard explicitly permits a cuff with a width of 40% of the upper arm, and allows deviations from this only if data is provided that proves its accuracy. 8 The British Hypertension Society (BHS) standard allows for a single width cuff of 12 cm and of varying length. 4 The European Society of Hypertension (ESH) International Protocol (IP1) Working Group leaves the decision to the manufacturers. 9 The American Heart Association recommends four cuff sizes that are designed to cover 46% of the upper arm circumference except where an excessive width would result in an unusable cuff. 10 The purpose of this project was to evaluate whether 12 cm single width cuffs currently on the market are accurate enough to replace proportional width cuffs.
METHODS
A total of 101 subjects were recruited for this study as a sample of convenience. Two sequential blood pressure measurements from each subject were concurrently and independently obtained by two observers. This resulted in a total of 202 paired measurements, or 404 total measurements. Every subject gave written informed consent, and the study was approved by the Institutional Review Board of West Texas A&M University.
Subjects were instructed to stay relaxed, and to remain quiet while their blood pressure was recorded. 7 One of their upper arms was measured in order to determine the appropriate cuff size recommended by the manufacturers as listed in Table 1 for both the proportional and single width cuffs. An initial palpatory systolic blood pressure measurement was performed on each subject and was followed by two auscultatory measurements. For both of these measurements, the recommended proportional or single width cuff was fitted and inflated to approximately 20 mm Hg higher than the palpatory measure. A double binaural stethoscope was used, and a paired observation was made. The order of the two auscultatory measurements was randomized to minimize differences that might arise due to the order of sequential readings. Approximately 3 min were given as a resting period between each sequential reading in order to re-equilibrate the subject's BP.
The calibrations of the aneroid sphygmomanometers used in the study were verified against a mercury manometer at the beginning and end of the study to ensure accuracy. 6, 7 All statistical analysis was performed using Microsoft Excel 2002 and StatGraphics Centurion XV. This included ranges, means, medians, mean differences, and standard deviations. Table 2 , there was a wide range of demographic characteristics. Of the 101 subjects, there were 57 males and 44 females. The 'child' cuff (9Â17.5 cm) was required by 23 subjects, 70 needed the 'adult' cuff (12Â22 cm), and 8 used the 'large' cuff (15Â31 cm) as indicated by the cuff manufacturers.
RESULTS

As shown in
Reliability of simultaneous measurements of the two observers was within the AAMI standard for accuracy. The mean systolic blood pressure difference between observers was 1.4 mm Hg (±1.1 s.d.). The mean diastolic blood pressure reliability was 1.2 mm Hg ( ± 1.1 s.d.). The reliability was well within the AAMI accuracy standard requirements with 95% of systolic and 98% of diastolic paired blood pressure measurements within 0-2 mm Hg difference.
The AAMI standard for accuracy is a pass/fail system that compares the mean difference of observations with a set list of acceptable standard deviations. 8 Table 3 compares the overall accuracy of the 12 cm single width cuff, and separates that overall accuracy into the three classifications of upper arm circumferences. This illustrates how the performance of the single width cuff in this study was affected by varying upper arm circumferences when compared to the equivalent proportional width cuff. Overall, the 12 cm single width cuff failed the AAMI accuracy standard because its diastolic standard deviation is greater than AAMI's maximum acceptable deviation. When each 12 cm single width cuff is compared against its proportional width counterpart, which is closer to the ideal 40-46%, it failed the child diastolic, and both the large adult systolic and diastolic categories. 3, 10 The BHS standard for accuracy is a ranking system that gives a letter grade depending on what percentage of the observations falls within 5, 10, and 15 mm Hg of the accepted value. 4 Table 4 lists the three letter grades, their requirements, and the overall performance of the single width cuffs. All three conditions must be met or exceeded in order to receive that ranking. Although Table 4 shows that the 12 cm single width cuffs made a 'C' grade according to the BHS accuracy standard due to their low diastolic accuracy, the BHS only recommends the use of devices that score a 'B' or higher. 10, 11 The ESH International Protocol of 2002 (IP1) standard for accuracy is a pass/fail system that requires 50% of the observations to fall within 5 mm Hg of the accepted value. 9 The 12 cm single width cuffs passed with 68% of the systolic and 60% of the diastolic blood pressure measurements falling within 5 mm Hg. The new revision of 2010 of the ESH International Protocol (IP2) is scheduled to supersede ESH-IP1 from 1st July, 2010. 12 Based on the ESH-IP2 standard for accuracy, the 12 cm single width cuffs failed Part 1 for diastolic BP and failed Part 2 for systolic and diastolic BP accuracy.
DISCUSSION
While there is often conflict over the specifics, a general consensus has formed in regard to cuff width; if a cuff is too narrow, the blood pressure will read high, and if the cuff is too wide, the blood pressure will read low. 2, 3, [5] [6] [7] By definition, a single width cuff will be too narrow for some people, and too wide for others. Unlike proportional width cuffs, single width cuffs are unable to compensate for different arm sizes. As indicated by Table 3 , there is a clear trend that errors begin to accumulate as the cuff width deviates from the ideal 40-46%. 3, 10 This trend is especially worrisome because, as noted by Graves, there is a linked increase in upper arm circumference with the growing obesity in the USA. 13 It is at these larger arm circumferences that the 12 cm single width cuffs performed the worst. Since obese individuals are at significantly increased risk of hypertension and cardiovascular disease, it should be evident that blood pressure measurements need to be more accurate rather than less at these arm sizes. As this trend progresses, any single width cuff will increasingly result in inaccurate blood pressure measurements.
Grim has illustrated the effects of this level of error on both the health and financial cost of inaccurate blood pressure measurements in the USA. 13 According to Grim, if a device is off by À5 mm Hg at the hypertensive cutoff range, it could miss 21 million diagnoses of hypertension. This would result in an expected 50 000 deaths per year due to coronary heart disease and strokes that could have been prevented. If it is off by +5 mm Hg at this range, it could cause 27 million people to be inappropriately diagnosed as hypertensive and receive unneeded treatment to the tune of several billions of dollars per year.
Even though the BHS allows for 12 cm single width cuffs for upper arm circumferences smaller than 50 cm, it still recommends three different cuff lengths. 11 Healthcare practitioners following their guidelines will therefore still need three different cuffs. When it is a question of having three proportional width cuffs vs. three single width cuffs, it is difficult to see any difference in convenience. Either way, the practitioner will have the same number of cuffs on hand. Either way, the practitioner will have to determine the appropriate cuff to use. Without a significant gain in convenience, it is not easy to justify the loss in accuracy that comes with single width cuffs.
In conclusion, these 12 cm single width blood pressure cuffs could result in a significant number of people being misdiagnosed and mistreated for hypertension. Therefore, to avoid 'cuff hypertension' and 'cuff hypotension,' the cuff width should be proportional to arm circumference. 
